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reveals itself by the characteristics of insufficient hardness only with the
tests made by the "penetration" methods (Brinell or Ludwik), while it does
not appear in any way in the " abrasion" tests (Martens, Jaggar, etc.)- In fact,
the relations between the results of the tests made by the two different
methods permit, to a certain degree, of measuring the thickness of the
cemented zone.

2.  A too low concentration of the carbon in the entire cemented zone
is revealed when both the abrasion and the penetration tests give too low
hardness values.   Too slow quenching, or excessive tempering also produce
similar effects, but microscopic examination permits of distinguishing the
two cases from each other.

3.  Superficial decarburization occurs quite frequently, as is well known,
in the course of the ordinary processes of hardening, tempering and annealing.
It is also well known, however, that, omitting the exceptional cases, in which
the heat treatments are carried out without any precaution or those in which
the pieces treated are of very large dimensions (armor plates), the decarbur-
ized zones, though often having their carbon content reduced to 0.20%
and sometimes down to 0.05%, are in general very thin.   In ordinary
mechanical pieces, hardened and tempered with care, it is rare that the
thickness of the decarburized zone exceeds one- or two-tenths of a millimeter.
In such usual cases, and whenever the cemented zone is so thick that the
decarburization affects less than half of its original thickness,1 the abrasion
test (file, Martens sclerometer, etc.) will give excessively low values as
compared with the "penetration" tests (punch, Brinell test, etc.).     And, in
fact, the relation between the hardness numbers obtained by the two groups
of tests will furnish useful indications as to the extent of the decarburization.

Useful indications for the " diagnosis " of superficial decarburization of the
cemented and hardened pieces can also be obtained from the comparison of the
hardness numbers obtained by the Brinell apparatus and by the Shore
scleroscope (resiliometer), respectively.

In fact, while the presence in the hardened pieces of a decarburized zone
o.i to 0.8 mm. thick does not produce a very marked diminution in the
hardness number determined by the Brinell method, the hardness numbers
determined by the Shore method on the same pieces come out excessively*
low.

To show within what limits this phenomenon manifests itself, we give in
the following table some experimental data taken from a memoir of Portevin
and Berjot.2 The experiments were made by heating three samples of steel
with 1.4% of carbon in an oxidizing atmosphere so as to decarburize

1 It is clear that when this happens, all the hardness tests will give low values, and
the cementation must be considered as having entirely failed.

2 A. Portevin and H. Berjot, Experiences sur la duret& des aciers tremp&s, etc. (Revue
de MStallurgie; Memoires, 1910, p. 63).